Background: Mitochondrial diseases (MD) are generally serious and progressive, inherited metabolic diseases. There is a high comorbidity of anxiety and depression and limitations in daily functioning. The complexity and duration of the diagnostic process and lack of knowledge about prognosis leads to uncertainty. In this study, we investigated the psychological well-being of children who are suspected for MD and their parents. Methods: In total 122 children suspected for MD and their parents, received questionnaires as part of standard clinical investigation. Results: Parent proxy report revealed a lower quality of life (QoL) compared to norms and even more physical problems compared to chronically ill patients. They also reported more behavioral problems in general and more internalizing problems compared to the norms. Most frequent reported somatic complaints were tiredness and pain. Parents did not report enhanced levels of stress regarding parenting and experienced sufficient social support. At the end of the diagnostic process, 5.7% of the children received the genetically confirmed diagnosis of MD, 26% showed non-conclusive abnormalities in the muscle biopsy, 54% did not receive any diagnosis, and the remaining received other diagnoses. Strikingly, children without a diagnosis showed equally QoL and behavioral problems as children with a diagnosis, and even more internalizing problems. Conclusions: This study highlights the psychological concerns of children with a suspicion of MD. It is important to realize that as well as children with a confirmed diagnosis, children without a diagnosis are vulnerable since explanation for their complaints is still lacking.
the mitochondrial DNA (mtDNA) or nuclear DNA (nDNA). The diagnosis of MD is acquired through multiple steps; the clinical presentation (complaints, signs and symptoms, inheritance), clinical chemistry, metabolic studies, pathological evaluation, biochemical and genetic testing [6] . To date, no cure is available.
The impact of having MD is major for the child and his/her parents. The most burdensome complaints in children are fatigue, behavior and speech disturbances, epilepsy and muscle weakness, and a high degree of limitations in daily activities [1] . Furthermore, anxiety and depression are common in children with MD [7, 8] , with an even higher comorbidity compared to children with other types of inborn errors of metabolism and compared to patients with Sotos syndrome [8] . The severe limitations children experience and the large variability in clinical manifestations also result in a high impact on the well-being of the caregiver [9] . Parents often experience stress and worries [10, 11] . Parenting stress is higher when there are more hospitalizations and increased use of special services, and when there is more organ involvement [11] .
It seems clear that the psychological impact of having MD is high. Less is known about the psychological functioning of children and their parents who are in the diagnostic process. The diagnostic process is complex and may take years between onset of first symptoms and confirmed diagnosis [12] . This lengthy time as well as a lack of knowledge about the diagnosis leads to uncertainty and stress [12] . In children and their parents, to our knowledge, no research exists addressing the psychological well-being during the diagnostic process. The primary objective of the current study is to investigate the psychological well-being of children who are suspected for MD and their parents.
Methods

Participants
All parents of children (< 18 years) suspected for MD, who received a muscle biopsy at the Radboud Center for Mitochondrial Medicine (RCMM), Radboudumc Amalia Children's Hospital in Nijmegen (the Netherlands) between January 2010 and April 2019 were included. Indication for a muscle biopsy was determined based on international guidelines at time of assessment.
Procedure
Parents received questionnaires as part of a standard healthcare program before muscle biopsy. This program was started in January 2010 and inclusion ended in April 2019. Parents had to be fluent in Dutch in order to understand the questionnaires. After completion of the questionnaires, the results of the final diagnosis (based on muscle biopsy studies, mtDNA and/ or whole exome sequencing), were also investigated.
Materials
Demographic factors and disease characteristics
Demographic and disease characteristics, like duration of health complaints and involved specialists, were assessed by a 20-item questionnaire filled in by one parent of every child.
Child outcome measures
Quality of life (QoL) was assessed with the Pediatric Quality of Life Inventory (PedsQL) [13] . Parent proxy report (children aged 5 to 18 years) was used. A higher score indicates a better health-related QoL [13] . Behavioral problems of the child were assessed with the Child Behavior Checklist (CBCL) (parent-reported questionnaire) [14, 15] . The CBCL provides scores on global, internalizing and externalizing behavioral problems. The CBCL is divided into two age categories: 1,5 to 5 years and 6 to 18 years. Available norms provide age and gender-standardized T-scores (M = 50; SD = 10). Total, internalizing and externalizing T-scores ≥60 and syndrome scale T-scores ≥65 represent the borderline, whereas scale T-scores ≥64 and syndrome scale T-scores ≥70 represent the clinical range in the general population [14, 15] .
Parental outcome measures
Parenting stress was assessed with the Parenting Stress index (PSI), short version (Nijmeegse Ouderlijke Stress Index NOSIK) [16] . This questionnaire evaluates the stress parents experience in raising their child in the age of 1 to 13 years. Scores were rated into normal (score mothers < 74; score fathers < 64), subclinical (score mothers 74-89; score fathers 64-78) and clinical levels of parenting stress (score mothers > 89; score fathers > 78).
Parental perceived social support was assessed with the Inventory for Social Reliance (ISR) [17] . The ISR evaluates the social support network of parents of children in the age from 0 to 18 years. The total score was used as a measure of experienced social support. Scores above 10 were rated as normal/ sufficient amount of social support, 7-9 indicated a low amount, and 6 or below were seen as insufficient amount of social support [18] .
Statistical analysis
All statistical analyses were conducted by using the Statistical Package for Social Sciences (SPSS) for Windows version 25.0 (IBM Corp., Armonk, NY). Normal distribution of continuous data was assessed using Shapiro-Wilk test of normality.
Parent report scores of the PedsQL were compared, using one sample t-tests, to the norm scores of a healthy population sample and a general chronic health condition sample, defined in Varni et al. (2006) as "a physical or mental health condition that has lasted or is expected to last at least 6 months and interferes with the child's activities" [19] .
The parent proxy report of behavioral problems (CBCL) was assessed with different age versions. Since subscales of both versions using similar concepts, we used the sum score of each concept for calculations when possible. The percentage of behavioral problems above the clinical cutoff were calculated. The total, internalizing and externalizing problems were compared to the norms [14, 15] . Assessment of depression in a somatic population is difficult as vital aspects of depression are also apparent as symptoms of somatic conditions (e.g. less active). Following assessment of depression in adult populations [20] , we deleted items relating to vital functioning in the assessment of depression. We used both the original scale (CBCL withdrawn/ depressed), as well as an adjusted subscale (CBCL withdrawn/depressed adj ), in which the somatic items are replaced by the mean score of the remaining subscale items. Specific items of the somatic complaints which could also be core symptoms of MD were investigated by using percentages of item scores > 2. Chi-square tests, linear-by-linear association, were used to investigate differences between children with or without a diagnosis in rated items (0,1,2) of somatic complaints. As an indication of possible not met needs we investigated how many children with behavioral problems (clinical score on the total, internalizing or externalizing scale), had support from a dedicated specialist, psychologist or remedial educationalist.
Differences between children with (MD, uncertain abnormalities or other diagnoses) and without a diagnosis were investigated by using independent samples t-test or in case of non-normal distribution, a Mann-Whitney U test. Variables of interest (mothers report of the PedsQL Total scale, CBCL Total, Internalizing, Externalizing, Anxious/Depressed, Withdrawn/Depressed (adj) , Somatic complaints and both PSI and ISR of fathers and mothers) were used for analyses.
Results
Demographics and disease characteristics
In total 122 children and their parents participated ( Table 1 ). The majority of children perceived health complaints for more than 3 years. In almost 75% of the children, one or more specialist(s) were involved. Most frequently involved were physiotherapy (55%), followed by speech therapy and a dietician (both 28%). A psychologist or remedial educationalist were involved in respectively 17 and 11% of all children.
Results from the muscle biopsy and further diagnostics (genetics) show that 54.9% of all children did not receive any diagnosis, and only 5.7% received the diagnosis of having MD. 26.2% of the children showed at the time non-conclusive abnormalities in the muscle biopsy and genetic analysis. The remaining 12.3% received other genetic diagnoses, and in of one patient there is no final diagnosis up to date.
Child outcomes Quality of life
Parent proxy-report revealed a lower QoL in total and on all subscales compared to the general population ( Table 2 ). Compared to other patients with a chronic health condition, fathers and mothers also reported more problems with physical functioning in their child and mothers also a lower QoL in general. In contrast, fathers reported a better social functioning for their children compared to other patients with a chronic health condition.
Child behavior
Mean scores, standard deviations, as well as percentage scoring in the clinical range of the CBCL are described in Table 3 . Mothers and fathers both reported higher scores on the total scale (Mothers X 2 [1] =12.67, p = .000, fathers X 2 [1] =8.65, p = .003), and more internalizing problems (Mothers X 2 [1] =138.72, p = .000, fathers X 2 [1] =57.32, p = .000) in the clinical range compared to the norms.
A total of 12.3% of the children show withdrawn/depressed behavior according to their mothers and 13.3% as reported by their fathers. When adjusting for ambiguous items which both load on withdrawn/depressed as well as disease symptoms, child's behavior was rated as withdrawn/depressed in 7.0% (mothers report) and 4.8% (fathers report) of the children. Scores of the withdrawn/ depressed adjusted scale were significantly lower, indicating less concerns, after correcting for the somatic items in both mothers (t(113) = − 9.57, p = .000) and fathers report (t(82) = − 7.11, p = .000).
Most frequent reported somatic complaints were tiredness (mothers report: 51.9%, fathers report: 40.7%) and pain (mothers report: 34.2%, fathers report: 27.7%).
In total, 52 of the 113 children showed behavioral problems on one of the scales (total, internalizing or externalizing), of which 9 (17%) received help from a psychologist or remedial educationalist.
Parental outcome measures Parenting stress
Compared to a clinical population, both fathers and mothers reported less parenting stress. Mothers also reported less parenting stress compared to the non-clinical population. There was no significant difference between fathers and mothers in parenting stress (t(67) = − 0.46, p = .649). In total 5.9% of the mothers experienced parenting stress in the clinical range and 11.1% of the fathers (Table 4 ).
Social support
Both mothers and fathers experienced more social support compared to the norms [17] and more social support compared to patients with rheumatoid arthritis [18] ( Table 4 ). In total, 98.2% of the mothers and 97.8% of the fathers experienced sufficient social support.
Comparison children with and without a diagnosis in psychological functioning
There was no difference between children with any diagnosis or without a diagnosis in QoL (mothers report: t(81) = −.806, p = .422) or in total or external behavioral problems (see Table 3 ). Regarding internal behavioral problems, mothers reported more problems of their children without a diagnosis (mean T-score = 61.35) compared to children with a diagnosis (mean T-score = 56.36). There were no differences between children with or without a diagnosis in the amount of reported somatic complaints, except for headache. Mothers of children without a diagnosis report more complaints of headache in their child compared to children with a diagnosis. There were no significant differences between the groups with or without a diagnosis in parenting stress (mothers t(82) = −.626, p = .533, fathers t(69) = .246, p = .806), and social support (mothers t(108) = −.447, p = .665, fathers t(86) = 1.134, p = .260).
Discussion
To the best of our knowledge, this is the first study investigating the psychological well-being of children who are in the diagnostic process of a suspected MD, and their parents. Overall, results showed substantial problems in child psychological functioning, while parents do not report enhanced levels of parenting stress or a lack of social support.
Parent proxy-report revealed a lower QoL on all areas compared to the norms, which is in line with adult studies of patients with proven MD [21, 22] . Children also showed more problems with physical functioning compared to children with other general chronic illnesses, indicating serious impairments.
Regarding behavioral problems, compared to norms, parents reported more problems in general and more internalizing problems specifically in their child, which is in line with other literature in children with chronic diseases [23] . Although both the CBCL total and internalizing scale are including somatic items, a meta-analysis [23] showed that elevated levels of both scales remained after controlling for confounding aspects of items related to somatic condition. Surprisingly, children without a diagnosis showed more internalizing problems compared to children with a diagnosis, indicating a high need for help in these children. Based on results of this study, we cannot explain these findings. The underlying mechanisms for behavioral problems may be different in these groups and should be investigated in future research. As mentioned before, anxiety and depression are common in children with MD [7, 8] suggesting a possible link with abnormal central nervous system energy metabolism [7] . This study also showed a high percentage of anxious/depressed behavior and withdrawn/depressed behavior. After correcting for possible somatic symptoms, the percentage of experienced withdrawn/depressed complaints dropped significantly. Furthermore, we did not find any differences between children with or without a diagnosis. An explanation could be that the withdrawn/ depressed complaints may not solely be inherent to the disease, but could also be correlated to other factors, for instance inherent to a long history of experiencing specific somatic complaints.
It is known that the somatic complaints subscale of the CBCL is difficult to interpret in children with chronic disease, since items could overlap with illness specific symptoms [23, 24] . On item-level, results revealed a remarkable high percentage of tiredness and pain in children suspected for MD, which are also core symptoms of the disease. There was no difference in these items between children with a diagnosis compared to children without a diagnosis. Surprisingly, children without a diagnosis more frequently reported complaints of headache, indicating debilitating somatic problems in this group.
Contradictory to what was expected [10, 11] , the majority of the parents did not report parenting stress and mothers reported even less parenting stress compared to the general population. Although there was no difference found between parents of children with or without a diagnosis, this study examined parenting stress before diagnosis, instead of afterwards. A diagnosis of MD brings along, e.g. more hospitalizations, and an increased use of special healthcare services, which is correlated with higher parenting stress [12] . It is important to note that the measurements and thereby the concepts of parenting stress were different between studies. Another explanation could be that parents in our study experienced sufficient social support from their environment, which is seen as a healthy coping behavior, related to less parenting stress [11] . Finally, being in the diagnostic phase could also influence the amount of reported concerns. Possibly the child's well-being is the pith of the matter at time of assessment and parents interpret their child's behavior in light of the possible disease and therefore not so much as 'stressful' but rather in light of compassion and sympathy. It would be interesting to monitor parenting stress after the diagnostic process, especially when there is no diagnosis, to investigate the impact of the possible disease on the perception of parenting stress.
In this cohort of patients suspected for MD, 7 out of the 122 children received a genetically confirmed diagnosis while 26% of the children showed non-conclusive abnormalities in the muscle biopsy without a yet confirmed genetic mutation. When interpreting these results, it is important to keep in mind that this study started in 2011, and since then the available genetic knowledge and diagnostic tools for mitochondrial disease have markedly improved. Despite this, there are still several limitations in the diagnostic steps required for a diagnosis, amongst which is a lack of understanding of the role of the entire genome in mitochondrial function [25] . We expect that in some of the children with observed non-conclusive abnormalities in the muscle biopsy, future studies will reveal pathogenic mutations. However, for others these might not be discovered due to e.g. non-genetic external factors hampering proper mitochondrial functioning like muscle disuse.
At the end of the diagnostic process, not limited to mitochondrial disease only, more than half of the patients did not receive any diagnosis explaining their debilitating complaints. Given the fact that we found that these children experience the same amount of psychological problems and physical complaints as children with a diagnosis, and even more concerns regarding internalizing problems and headache, these children are especially vulnerable. In the Netherlands these patients do not have automatically the same access to care as patients with a confirmed diagnosis, since they do not fit in a standard care program. For these children, we strongly recommend screening for psychological problems and provide access to care they need.
Having a child with serious complaints that are unexplained confronts parents of children with a rare disease with serious uncertainty. Uncertainty regarding medical conditions especially exists in situations that are ambiguous, complex and unpredictable [26] , all applicable to the complaints of children in this study. A lack of diagnosis leaves patients and parents with even more uncertainty. Studies on the impact of rare diseases on children and their parents stress the impact of the long diagnostic process and the diagnostic delays [27, 28] . This long period could seriously impact on health of children and their families. Not only because of possible medical health care needs stay unmet, also the impact of uncertainty regarding the child's health and the look for diagnostics and adequate care means a serious burden. Health care providers could guide parents through possible additional diagnostic trajectories, and by supporting them in dealing with uncertainty, and focus on aspects of their life they can control. This paper stresses the importance of keeping these children and their parents in our focus.
When investigating the met needs of all included children, with or without a diagnosis, only 17% of the children with behavioral problems received help from a specialist on child behavior, leaving out 73% with a need for help. By including assessment on psychological health, preferably by standardized questionnaires and a psychologist in diagnostic procedures, adequate help can be provided in an early phase.
When interpreting the above-mentioned results, it is important to take note of the strengths and limitations. A strength is the relatively large sample size. Secondly, by screening in the beginning of the diagnostic process, before diagnosis, perceived complaints were not influenced by knowing if they did or did not have the disease. A limitation is the large time span of this study, since diagnostic criteria and possibilities have been improved. Furthermore, due to age limitations of various questionnaires, not all patients and parents filled in the same questionnaires. Finally, since all patients filled in questionnaires as part of standard care, no information regarding e.g. fatigue in children aged < 6 years, was available, which is the core complaint of MD in children [1] .
Conclusions
This study highlights the psychological concerns of children with a suspicion of MD. It is important to be aware of these problems in an early stage and to provide adequate help, independent of the final diagnosis. Especially the children without any diagnosis confirmed are vulnerable since they remain in uncertainty and do not fit in a standard special care program. 
